complexity is generated by multiple mechanisms (e.g., Patch dynamics and community structure in many climate variation, fire, herbivory, and interspecific inplant communities are affected by a variety of biotic teractions [Barnes et al. 1983 , Singh et al. 1983 factors that occur at overlapping spatial and chunas et al. , Urnbanhowar 1992 , Milchunas and temporal scales (White 1979, Pickett and White 1985) . Lauenroth 1993, Knapp et al. 1998 ]), all of which opInteractions among these forces result in a complex erate at different and overlapping spatial and temporal and hierarchical patch structure (Wu and Loucks 1995) , scales. Complexity is enhanced not only because of which leads to patterns of spatial variation that are far differences in scale, but because some common mechmore complicated than those derived from any single anisms, such as fire, influence patch structure in a funbiotic or abiotic factor. Indeed, these interactions may damentally different way than do other factors, such produce emergent patch structure at scales that differ as grazing by large herbivores (Collins 1987 , Hartnett from any particular patch-generating phenomenon. et al. 1996 phenomenon. et al. , Collins et al. 1998 ). Thus, a combination Patterns of spatial and temporal complexity in North of fire and grazing in grasslands creates a patch strucAmerican grassland vegetation have been well docu-ture that is different frorn that generated by either mented (Wells 1970, Anderson 1982, Collins and Bar-mechanism alone . Understanding the complex response ber 1985, Collins 1992 , Joern and Keeler 1995, Knapp of tallgrass prairies to the interaction of patch-generet al. 1998 , Stohlgren et al. 1999 , Collins 2000 . This ating processes will provide valuable insights regarding the maintenance of species diversity in this once-exManuscript received 29 April 1999; revised 22 February 2000; tensive ecosysteln (Samson and Knopf 1996) . fects may interact with common large-scale processes, such as fire and grazing (Collins and Barber 1985) . Although hierarchy theory (O'Neill et al. 1986, Allen and Hoekstra 1992) predicts that large-scale factors may constrain small-scale dynamics (Allen and Starr 1982) , there is increasing evidence that small-scale forces may affect larger scale, higher-level factors through interactions arnong lower-level components (Polis and Holt 1992) . The activities of large herbivores, such as bison (Bos bison), affect patch structure in grasslands at a variety of spatial scales (Knapp et al. 1999 ) and include impacts that may feed back up through hierarchical levels. Grazing by herds of bison, for example, affects grassland structure at large spatial scales, and the bison affect structure at smaller scales by creating wallows, trampling vegetation and compacting the soil (Wallace 1987) , and redistributing nutrients via excretion (McNaughton 1983 , Coffin and Lauenroth 1988 , Day and Delting 1990 , Steinauer and Collins 1995 . When nutrients, particularly nitrogen, are added to herbaceous communities such as grasslands, productivity increases and diversity decreases (DiTommaso and Aarssen 1989 , Tilman and Pacala 1993 , Stevens and Carson 1999 , Gough et al. 2000 . Urine excretion, in particular, creates small patches (-0.25 m2) with elevated N concentrations (Stillwell and Woodmansee 1981, Stillwell 1983) , increased aboveground production (Steinauer and Collins 1995) , and altered botanical composition (Norman and Green 1958 , Day and Detling 1990 , Steinauer and Collins 1995 compared to off-patch areas. Most other aspects of grazing reduce standing biomass while increasing diversity as predicted by the intermediate-disturbance hypothesis (Connell 1978 , Armesto and Pickett 1985 , Milchunas et al. 1988 , Huston 1994 .
Herbivores preferentially graze vegetation on urine patches because of increased plant production and leaf nitrogen concentration (Day and Detling 1990, Jaramillo and Detling 1992b) . This evidence suggests that the localized impacts of excretion may create largescale grazing lawns (McNaughton 1984) , implying that a small-scale patch-forming event generates patch structure and vegetation change at a larger spatial scale. Although the independent effects of these factors have been frequently studied in many systems, the interactive effects of nutrient addition and disturbance are likely to produce cornplex patterns of species diversity in plant communities (Moen and Collins 1996 , Collins et al. 1998 , Gough and Grace 1998 , Wilson 2000 .
Earlier, we demonstrated experimentally that plant production was strongly affected by urine addition in ungrazed prairie (Steinauer and Collins 1995) , yet the degree to which vegetation response to urine deposition is detectable against the considerable heterogeneity present in tallgrass prairie subjected to a cornplex disturbance regime remains unclear. In this papel; we address the following questions: (1) What are the effects of urine patches, bison grazing, and the combination of the two on overall plant community structure and diversity, and the abundance of common plant species and major functional groups in grazed and ungrazed tallgrass prairie? (2) What are the effects of urine patches, bison grazing, and the combination of the two on spatial patterns in grazed and ungrazed tallgrass prairie? (3) Do urine patches serve as foci for bison grazing? To address these questions we established four belt transects in both grazed and ungrazed tallgrass prairie and applied artificial bison urine at random locations along two of the transects in each grazing treatment. We measured differences in plant species composition, species diversity, and abundance of grasses and forbs among the transects, and tested for interactions arnong treatments. We also assessed whether bison preferentially graze on urine patches vs. off-patch areas.
Study site
The study was conducted during 1992 in tallgrass prairie at Konza Prairie Biological Station (KPBS) in Riley and Geary counties, Kansas. KPBS is managed as a series of permanent, replicated burn units (watersheds) subjected to a variety of fire regimes, a subset of which are grazed by bison. Dominant plant species at KPBS are C, grasses: Andropogon gernrdii, A. scopnrius, Sorghnstrum nutans, Boc~teloc~n curtipendula, Pnizicum virgntum, and Sporobolus nsper (nomenclature follows the Great Plains Floral Association [1986] ), although a diverse array of other grasses and forbs also occurs throughout the region (Freeman 1998). The climate is continental. Mean annual tenlperature is 13°C and mean annual precipitation is 835 mm, 72% of which occurs from April to September. Study sites were on Tully soils, which are dark, fertile, cherty silt or silty clay loams derived from limestone bedrock (USDA 1975) .
Dntn collection
We selected two study sites, one in a watershed grazed by bison, the other in an adjacent ungrazed watershed. Both sites are routinely burned in the spring of every fourth year, and both were burned in the spring of 1992. At each site we established four 42-m parallel transects, 5 m apart and oriented west to east, on nearly level areas lacking obvious vegetation gradients. We selected our transect length to be long enough to contain several urine patches and our plot size to be smaller than a urine patch but large enough to allow for sampling of eight transects in a reasonable time period. Transects were permanently marked at both ends and at 10.5-m intervals using aluminurn pipe driven into the ground. We visually estimated canopy cover of all vascular plant species in 5% cover classes in 128 contiguous 32 X 32 cm plots along each transect in late May and again in late July 1992. Canopy cover values less than 5% were estimated in 1% classes. A 50-m tape was stretched along the transects during vegetation sarnpling to assure precise location of the plots. We then randomly selected two transects in each watershed for urine application. We thus had four treatments at the transect level with two transects each: ungrazed without urine (-G-U, controls), ungrazed with urine (-G+U), grazed without urine (+G-U), and grazed with urine (+G+U).
Two urine patch distributions were generated in which nine plots were randomly selected for urine application. Each distribution was used on one transect in each watershed. We applied urine evenly within a 0.28-m2 circular frame centered on the selected plots immediately following vegetation sarnpling in May. The frame entirely covered one plot and approximately one third of the two adjoining plots. However, vegetation responded to urine treatment (evidenced by increased production and dark green color) in the majority of the two adjoining plots and we considered all three to be urine-treated for the purposes of data analysis. There was some overlap of plots receiving urine treatment in one of the distribution patterns because selected plots were either adjacent to each other or had only one plot between them. This resulted in 24 urinetreated plots on one transect in each watershed and 27 on the other for a total of 5 1 urine-treated plots in each watershed.
Data analysis
Probability of bison grazing.-The likelihood of bison grazing on urine-treated plots vs. that on non-treated plots on the two urine-treated transects in the grazed treatment was tested using x2analysis. Individual plots were considered grazed if visual inspection during the July vegetation-sampling period revealed that >50% of the vegetation in the plot showed signs of bison grazing. The expected number of urine-treated and untreated plots that were grazed was calculated based on the proportion of all plots grazed along both transects.
Community structure.-We examined the effects of urine treatment and grazing on plant community composition, species diversity (richness, evenness, and Shannon-Weiner diversity [H']), canopy cover of common plant species, and cover of plant functional groups (graminoids and forbs) on a subsample of the plots. We used the 5 1 urine-treated plots on the urine-treated transects and the plots with corresponding locations on the non-urine-treated transects in both watersheds to create equal sample sizes for statistical comparisons.
We used multi-response permutation procedure (MRPP; Zimrnerrnan et al. 1985 , Biondini et al. 1988 to assess differences in cornrnunity composition among transects using canopy cover data. MRPP is a bootstrapping technique that cornpares the mean ecological distance (Euclidian distance in this case) between members of predefined groups, in this case plots receiving specific treatments, against mean distance within groups created at random from the same data set. The P value is the percentage of distances within the groups created at random that is equal to or smaller than that of distances within the treatment groups. MRPP is appropriate for ecological data because it relaxes assumptions concerning normality of the data structure and it appears to be as robust as the traditional F test (Zimmerman et al. 1985) . MRPP tests were carried out using PC-ORD version 2.0 (McCune and Mefford 1995).
Because we are interested in the interactive effects of urine deposition and grazing by bison on plant community structure, we used two-way ANOVA and Tukey's multiple range rest (SAS 1992) to test for differences in (1) canopy cover of plant functional groups (total graminoid and total forb cover), (2) cover of the five most cornmon graminoid and forb species, and (3) plant species richness, evenness, and H ' among treatments. Pretreatment variability in these parameters among individual plots was high. Therefore, with the exception of plant functional group cover, we tested treatment effects on the percentage change in the above parameters from May to July rather than on actual abundance or diversity values using the following formula:
July -May May Differences in plant functional group cover between grazing treatments in May prior to urine treatment were tested using a t test. The percentage cover values for total grarninoid and total forb cover in May and in July were square-root, arcsine transformed prior to statistical analysis. The percentage change in cover data for individual plant species and in diversity data were not substantially different from that expected for a normal distribution, and the use of transformed data changed test results little. Therefore, we used nontransformed data for these parameters.
Spatial variation.-We examined patterns in the spatial distribution of total graminoid cover and total forb cover at scales ranging from 0.64 to 11.2 m (2-35 plots) with sernivariance analysis using GS + version 1.1 software (Gamma Designs 1990). Semivariance was calculated as
where t(h) = semivariance at lag distance h, y, = measured sample value (e.g., canopy cover) at plot i, y, + , , = measured sample value at plot i + h, and N(h) = total number of sample couples for the interval h. If spatial dependence exists among sample units, then sernivariance increases with distance until levelling off a more-or-less constant value, the "sill," where spatial dependence no longer exists. The sill then provides an estimate of total sample variance (v2). The range is the TABLE1. Results of multi-response permutation procedure (MRPP) tests comparing species composition between grazing treatments within urine treatments, between urine treatments within grazing treatments, and across urine and grazing treatments in May and July (1992; at Konza Prairie Biological Station, Kansas, USA) using canopy cover data. lag distance between samples at which the still is reached. Plots separated by distances less than the range exhibit spatial dependence while those separated by greater distances do not. The nugget variance represents sampling error or variance that occurs at spatial scales smaller than the plot size. The structural variance equals the sill minus the nugget and represents the spatial component of variance (Schlesinger et al. 1996) .
Since t(h) is a measure of variance, its value increases as y (in this case plant cover) increases. This has the effect of inflating t(h) on transects with high mean abundance (e.g., during July) vs. those with low mean abundance (e.g., during May). Therefore we standardized abundance values for each transect at each sample date by dividing each individual cover value by the transect mean cover prior to semivariance analysis. Following this, data for each transect were z-transformed (Sokal and Rohlf 1981) to reduce skew and kurtosis. We calculated the nugget, structural, and total variance and the range fqr both grarninoid and forb cover along each transect using a spherical model (Trangmar et al. 1985) . Although other models (e,g., exponential or linear) occasionally had better fits to the data, especially for May data, we always used the spherical model to maintain consistency. In all such cases, r2 values were only marginally less for the spherical compared to other models.
Because of considerable variability in nugget, total, structural, and range values among transects prior to urine application, we compared urine and grazing treatment effects on the percentage change in these parameters from May to July using analysis of variance and Tukey's multiple range test. Change for each parameter was calculated as (July -May)/May. Sample sizes for semivariance parameters were small (n = 2) and approximately normally distributed. Arcsine square-root transformation changed ANOVA results marginally. Therefore, we present statistical tests performed on non-transformed data.
Probability of grazing.-Urine-treated plots on the two urine-treated transects in the grazed areas were much more likely to be grazed by bison than were plots on the same transects to which urine was not applied (x2= 29.27, P < 0.001). Thirty-three of the 51 urinetreated plots (65%) and 40 of the 205 non-urine-treated plots (18%) were grazed by the July sample date. In addition, 23 of the 40 grazed non-urine-treated plots were in grazing patches containing urine-treated plots.
Community structure.-There were significant differences in plant community composition between grazed and ungrazed transects in both May and July (-G-U vs. +G-U and -G + U vs. +G+U, Table 1 ). However, the effects of grazing on community composition between sample dates varied between urine treatments. On transects without urine patches, composition became somewhat more similar between ungrazed and grazed areas (-G-U vs. SG-U, less negative MRPP [multi-response permutation procedure] test statistic in July compared to May, Table 1 ). In contrast, on transects with urine patches, compositional dissimilarity increased substantially between grazed Grazed and ungrazed areas (-G+U vs. +G+U, much more negative MRPP test statistic in July compared to May). The effects of urine treatment on community compo-0 sition within grazing treatments were similar on ungrazed (-G-U vs. -G+U) and grazed (+G-U vs. +G+U) sites. In both cases, differences in community composition between urine-treated and untreated plots increased during the growing season, although the increase was considerably greater in the ungrazed watershed (Table 1) . A strong interaction among treatment effects is shown in the urine across grazing analysis (Table 1 ). In this case compositional dissimilarity between control (-G-U) and urine plus grazing (+G+U) treatments increased dramatically from May to July.
There was considerable fine-scale variation in abundance patterns of both graminoids and forbs along the transects at both sample dates. In general, urine-treated plots on ungrazed transects often had the highest graminoid cover in July (Fig. 1) . In contrast, graminoid cover on urine-treated plots on grazed transects tended to be lower than average in July. Urine patches were not strongly associated with either peaks or troughs in forb cover on grazed or ungrazed transects (data not shown). Instead, peaks in forb cover typically resulted from the random occurrence of large individual forbs or forb clones.
Total graminoid cover was significantly lower on the grazed compared to the ungrazed transects in May prior to urine application (t = -5.25, P < 0.001, Fig. 2 ), whereas forb cover was similar across all treatments at the start of the experiment ( t = 0.54, P = 0.588, Fig.  2 ). By July, there was a significant grazing X urineaddition interaction for graminoids ( F = 80.23, P < 0.001) but not for forbs ( F = 1.38, P = 0.247). Total graminoid cover was lowest on the + G + U plots and highest on the -G + U plots (Fig. 2) . Forb cover in July was significantly greater on the -G + U plots compared to other treatments (Fig. 2) .
Individual graminoid species were more likely to be affected by urine and grazing treatments than were forbs (Table 2 ). There was a significant grazing X urine-addition interaction for three grasses (Andvopogon gerardii, A. scoparius, and Sorghastrunz nutans) and one forb (Asteu evicoides). Change in cover of A. geravdii, the most abundant plant species on the Konza Prairie Biological Station (KPBS; Kansas, USA) was greatest on the -G+U plots and least on the + G + U plots. A. scoparius, S. nutans, Carex bveviov, and A. ericoides all had a significantly greater increase on the -G + U plots compared to some of the other treatments (Table 2) .
There was a significant grazing X urine-treatment interaction on percentage change in species richness (F= 4.23, P = 0.039), evenness ( F = 6.60, P = 0.011), and Shannon diversity (H'; F = 11.04, P = 0.001).
Richness increased on all treatments between May and

Plot number
FIG.1. Smoothed plots of graminoid cover along replicate transects in grazed and ungrazed prairie. Data were smoothed by calculating a running average of three adjacent plots. Urine-treated plots are indicated by solid circles. Mean graminoid cover on urine-treated plots is indicated by a dashed line, and mean graminoid cover on non-urine-treated plots is indicated by a dotted line.
July (Fig. 3) . Urine treatment resulted in a significantly smaller increase in richness in ungrazed compared to grazed prairie. The change in richness on grazed plots was similar between urine treatments and intermediate between the changes on ungrazed plots. Evenness decreased on all treatments between May and July, es- pecially on -G + U plots (Fig. 3) . The change in evenness was significantly less on + G + U plots compared to -G+U plots while non-urine-treated plots were intermediate. The change in H' was small but positive on all but -G+U plots where it decreased significantly compared to other treatments (Fig. 3) . S19atial variability.-All semivariograms calculated with functional-group abundance data in May had relatively large nugget to total variance ratios (overall mean: 0.70 in May), indicating considerable pretreatment variation in functional-group abundance at spatial scales smaller than our plot size. Changes in semivariance parameters on control (-G-U) transects for graminoids between May and July were small (nugget = -3.1%, structural = +10.5%, total = + 1.2%), suggesting that patterns in graminoid abundance are seasonally stable in the absence of perturbation. Nugget, structural, and total variance of forbs decreased from May to July (-20.0%, -15.1%, and -18.4% respectively) on control transects, suggesting that patterns in forb abundance become more homogenous during the growing season.
Although there were sometimes large differences in mean percentage change of variance parameters among treatments between May and July, only the change in total variance for graminoids was significant (Fig. 4) . Both grazing and urine treatment increased total variance for grasses compared to controls, though only the difference between -G-U and -G + U transects was significant. Patterns of change in total variance for forbs were similar to that for graminoids with the greatest difference also between the -G-U and -G + U transects (Fig. 4) . However, despite the large mean changes in forb variance, differences among treatments were only marginally significant ( P = 0.066).
There were no significant effects of either urine treatment or grazing on the range at which variation occurred for either graminoids or forbs.
Our results support the hypothesis that small-scale patch-forming processes can affect large-scale patterns in vegetation structure. Also, the results of our experiments demonstrate that different components of the disturbance regime interact to affect community structure. In particular, we found significant interaction effects of urine deposition and grazing on species richness, evenness, diversity, total cover of grasses, cover of several individual species, and on overall community composition (Tables 1 and 2 , Figs. 2 and 3) . The mechanism involved is the strong preference bison exhibit for grazing on urine patches, which likely results from the increase in vegetation abundance and/or nutrient concentration on urine.patches (Jaramillo and Detling 199211). Observations of urine patches in an earlier study at the Konza Prairie Biological Station (KPBS) indicated that insect herbivory was also greater on certain species, particularly Panicuin virgatum, on vs. off urine patches (E. M. Steinauer, personal obseriiation). Thus, urine patches provide a focal point for grazing by a variety of aboveground herbivores.
Not only were urine patches more likely to be grazed by bison, but so were adjacent areas. Our results suggest that urine patches provided initiation points for local bison-grazing events that resulted in grazed patches considerably larger than the urine patch. Since bison grazing influences fire frequency and intensity by altering patterns of fuel accumulation (Steuter et al. 1995) , these impacts may be translated to even larger spatial scales. Fire, in turn, has a strong influence on site selection for grazing by bison (Vinton et al. 1993 ,
T A B L E2. Mean percentage change in canopy cover o f the five most common grarninoid and four most common forb species
from May to July calculated as (July-May)/May. Steuter et al. 1995) and vegetation response to urine addition (Steinauer and Collins 1995) . Though the present study examined only plant species and community dynamics, ecosystem processes such as production and nutrient cycling are also known to be affected by urine application (Jaramillo and Detling 1992a), grazing (Turner et al. 1993) , and fire (Knapp and Seastedt 1986) .
Results of this and other studies suggest that control in ecological hierarchies does not proceed solely from higher to lower levels (Senft et al. 1987, Wu and Loucks 1995) . Instead, feedback from lower to higher levels appears to occur via interactions among components of the different levels (e.g., urine patches affect bison grazing patterns). In this study, feedback loops did not skip hierarchical levels. Urine patches affected bison grazing (one level), and other studies (Vinton et al. 1993 , Steuter et al. 1995 have shown that bison grazing affects fire frequency and intensity (one level), but in our several years of studying urine patches at KPBS, we found nothing to indicate that urine patches have any direct inlpact on fire (two levels).
Interactions between urine treatment and grazing produce four general patch types in grazed grassland: ungrazed areas with low N availability, ungrazed with high N patches, grazed areas with low N availability, and grazed patches formed around local nutrient hot spots. Though the occurrence of urine patches in "ungrazed" prairie seems unlikely, grazing is not a uniform process across the landscape (Senft et al. 1987 . Thus, some urine patches in grazed areas remain ungrazed by bison. Therefore, urine deposition and grazing produce a complex combination of patch types that increases overall heterogeneity in tallgrass prairie.
This study supports our earlier findings (Steinauer and Collins 1995) that urine patches have considerable impact on small-scale vegetation structure and diversity in ungrazed tallgrass prairie. Urine patches were visible in the ungrazed prairie as roughly circular areas with increased plant abundance and a deep-green color and they appeared as distinct peaks in plots of graminoid abundance for the ~lngrazed prairie. This is consistent with our earlier studies in which graminoid abundance nearly doubled on vs. off urine patches in ungrazed prairie (Steinauer and Collins 1995) . While average forb abundance was greater on urine-treated compared to untreated transects in ungrazed prairie, peaks in forb abundance typically were not associated with urlne patches but instead reflected the occurrence of a large individual forb or forb clone. This contrasts with our previous study in which forb abundance in tallgrass prairie was not affected by urine treatment in the year of application. Howevel; these earlier studies occurred on hilltop locations with relatively shallow soil or in a year with a late-season drought. Therefore, low soil moisture may have inhibited forb response to urine treatment in our earlier studies (Briggs and Knapp 1995) .
As in our previous studies, species richness and Shannon-Weiner diversity were reduced following urine treatment in ungrazed prairie (Fig. 3) . This may result from increased size and competitive abilities of C, grasses on urine patches followed by reduction in light penetration to lower strata (Collins et al. 1998 , Stevens and Carson 1999 , Gross et al. 2000 . The loss of diversity following urine treatment was not evident on grazed transects likely because bison reduced the cover of the C, grasses. These results parallel the interaction between fire and bison grazing on species diversity in tallgrass prairie. Repeated spring burning in areas without large herbivores increases the relative cover of C, grasses while reducing forb abundance and species diversity . However, large Ecology, Vol. 82, No. 5 Urine treatment herbivores, by reducing the abundance of graminoids, reverse the negative impacts of burning on forb abundance and species diversity (Collins et al. 1998) .
We found significant differences in community structure among urine and grazing treatments as well as substantial changes in structure between sample dates (Table 1) . Our analytical approach, multi-response permutationprocedures (MRPP), is sensitive to differences in relative species-abundance patterns as well as changes in species composition. In our case, the relatively large differences in graminoid abundance account for much of the differences among treatments. Although species richness was different among treatments as well, these changes resulted primarily from fluctuations among a suite of relatively uncommon forb species (Steinauer and Collins 1995) . Uncommon species with low abundance tend to have little impact on MRPP or other multivariate analysis techniques.
Total (sill) variance of graminoid cover changed very little between May and July on the control (-G-U) transects, indicating the short-term stability of the perennial gralninoid component in the absence of perturbation (Fig. 4) . Total variance of graminoids increased in response to urine treatment, grazing, or both compared to controls. Total variance of forbs decreased on control transects between May and July but increased to some degree on the urine-treated and grazed transects, though differences were only marginally significant (P = 0.066). Grazing tended to moderate seasonal changes in total forb variance for both urine treatments (4.3% for +G-U, vs. -18.4% for -G-U, and 32.3% for + G + U vs. 70.3% for -G+U the well-documented competitive interactions between forbs and graminoids in grasslands (Tilman 1984 , Gibson 1988a , b, Vinton et al. 1993 , Turner and Knapp 1996 , where increases in graminoid cover during the growing season may suppress forb growth. Grazing reduces graminoid cover in a patchy manner and increases local forb abundance through release from competition Hartnett 1992, Collins et al. 1998) .
Nugget variance accounted for a relatively large portion of the total (sill) variance of functional-group abundance along all transects on both sample dates. This indicates that much of the variation in functionalgroup abundance patterns along our experimental transects occurred at spatial scales smaller than our plot size (32 X 32 cm). Bartha et al. (1995) , for example, found that peaks in spatial heterogeneity for individual species and functional groups at KPBS occurred at spatial scales ranging from 10 to 20 cm.
We were surprised to find no significant change in the range component of semivariance since both urinetreated and grazed patches were larger than the plot size. However, we applied urine to random locations along the transects. Similarly, grazed patches varied widely in size and also occurred at random locations along the transects. Also, while urine treatment clearly produced peaks of plant abundance in ungrazed prairie, the effect was more complicated in grazed prairie. In both cases, but especially in grazed prairie, at least some of the variation in affected areas was within the range of variation found in untreated prairie (Fig. 1) . Thus, treatment effects did not clearly translate to an increase in the range component of semivariance. Despite the preponderance of small-scale pattern, results from our experiment demonstrate that patch structure in grassland vegetation also occurs at larger scales, and the scale of that structure varies in response to interactions among large-and small-scale processes.
In summary, urine patches are an important component in maintaining heterogeneity in tallgrass prairie. Urine patches had the immediate effect of creating small patches with increased nutrient availability and high cover of graminoids. As cover of graminoids increased, total species richness and diversity decreased on these patches. In our study and others (Day and Detling 1990, Jaramillo and Detling 1992b) , urine patches were strongly preferred as grazing sites by large herbivores (McNaughton 1986 , Senft et al. 1987 , McNaughton et al. 1997 , Frank et al. 1998 . Grazing of urine patches reduced graminoid cover and moderated the negative impacts of urine treatment on plant diversity. In addition, grazing initiated on a urine patch often spread considerably beyond the urine patch boundary, increasing the spatial scale of vegetation patterns. Bison grazing, in turn, influenced fire frequency and intensity by altering patterns of fuel accumulation (Steuter et al. 1995) . Thus, urine patches are an example of a small-scale impact that can be transmitted up ecological hierarchies through interaction with other disturbances to impact processes operating at larger spatial scales.
